Table S2 Summary of Early-Warning System Characteristics and Key Findings from 49 Included Studies
	Specific sources of data
	Data sources
	Title
	[bookmark: _GoBack]Author
	Country
	Monitored diseases
	Models
	Methods
	Alarm indicator
	Key findings

	[bookmark: OLE_LINK23]Health Department-Based Early Warning Systems
	Disease surveillance information report management system; Shenzhen land bureau
	Application of prospective spatiotemporal rearrangement scan statistic to early warning of mumps clustering epidemic in Shenzhen city
	Zhou, 202013
	China
	Epidemic mumps
	Prospective spatiotemporal rearrangement scanning model
	Traditional statistical models
	Number of cases
	
The study revealed that the prospective spatiotemporal rearrangement scanning model exhibited superior performance in the early warning of mumps epidemics in Shenzhen, China. It demonstrated higher sensitivity and a lower error warning rate compared to other models. These findings offer a scientific foundation for enhancing infectious disease surveillance and early warning systems.


	[bookmark: OLE_LINK5]
	Tianjin infectious disease data resource center system
	Practice and exploration of surveillance and early warning system for infectious diseases in Tianjin based on national health information platform
	Liu, 202116
	China
	Not specified
	Single case early warning model; time-series early warning model; Spatial aggregation early warning model
	[bookmark: OLE_LINK25]Traditional statistical models
	The number of cases; Deaths
	
This paper explores the possibility of establishing a comprehensive data resource center in the future. The data collection methods for infectious diseases in Tianjin, China should include not only monitoring data from medical institutions but also incorporate key nodes such as risk factors, symptoms, laboratory testing, monitoring, and pharmacy drug sales data, facilitating a more comprehensive data fusion approach.


	
	Chinese center for disease control and prevention notifiable infectious disease reporting and monitoring system; China meteorological science data sharing service network system
	Impact of meteorological factors on hand foot and mouth disease: effect estimate, attributable risks, inference of time-varying reproduction numbers, forecast and early warning
	Gao, 202118
	China
	Hand-foot-and-mouth disease
	Bonita algorithm; moving percentile method; Random forest (RF) 
	Traditional statistical models
	Number of cases
	
The distribution of HFMD cases exhibited heterogeneity and spatial clustering.Average temperature, relative humidity, and humidity-humidity-index displayed an S-shaped lag relationship with HFMD incidence. Elevated levels of temperature, humidity, and humidity-humidity-index were associated with an increased risk of HFMD.Higher temperatures were linked to increased HFMD transmissibility. The random forest model, incorporating meteorological factors and incidence data, demonstrated robust performance in early warning and forecasting.


	
	Infectious disease reporting information management system and public health emergency information management system
	Early warning of five infectious diseases in Weinan city based on moving percentile method
	Miao, 202023
	China
	Infectious diarrhea, Influenza, Chickenpox, Epidemic hemorrhagic fever, Hepatitis C
	[bookmark: OLE_LINK1]Moving average percentile method
	Traditional statistical models
	Number of cases
	
This paper introduces a novel approach to enhance the sensitivity of the early warning system. Specifically, it suggests a slight increase in the early warning threshold for other infectious diarrhea and influenza in Weinan city, building upon the default threshold. Conversely, the early warning critical value for epidemic hemorrhagic fever is recommended to be marginally reduced. For non-warning diseases such as hepatitis C and chickenpox, the simulation warning model may consider incorporating the time 
model-moving percentile method.


	
	China disease prevention and control information system
	Two control graph method in early warning for hand⁃foot⁃mouth disease in Liaoyang
	Wu, 201924
	China
	Hand-foot-and-mouth disease
	Accumulation and control chart method; Moving average percentile method
	Traditional statistical models
	Number of cases
	
In 2018, an early warning signal identified using the moving percentile method was subsequently deemed an exclusion signal upon analysis. When compared to the moving percentile method, the cumulative sum control chart method proves to be more suitable for the current early warning system for hand, foot, and mouth disease in Liaoyang, China.


	
	China infectious diseases automated-alert and response system; China disease prevention and control information system
	Study of early warning threshold value of infectious diseases in different
epidemic criteria
	Zhao, 201925
	China
	Mumps, Pulmonary tuberculosis, Scarlet fever, Infectious diarrhea
	Moving average percentile method
	Traditional statistical models
	Number of cases
	
After evaluating sensitivity, specificity, the Youden index, and diagnostic compliance rate under the early warning boundaries of two methods, the expert consultation method is found to be more suitable for Liaoyang City compared to the Seasonal Trend Model method early warning. This is particularly evident for four common infectious diseases: mumps, tuberculosis, scarlet fever, and other infectious diarrhea diseases.


	
	Niger ministry of health; Federal reserve economic database
	Anticipating infectious disease 
re-emergence and elimination: a test of early warning signals using empirically based models
	Tredennick, 202221
	United Kingdom
	Measles
	Continuous-time susceptible exposed infected recovered (SEIR) model 
	Dynamic models
	Incidence
	
By employing fitted mechanistic models of measles transmission in four cities in Niger, this study identifies Cross-Scale Dynamics (CSD) through statistical Early Warning Systems (EWS). The findings indicate that CSD, detectable before disease transmission systems cross critical tipping points, could serve as the foundation for early warning systems.


	
	Database of infectious disease cases
	Design and implementation of epidemic surveillance and early warning system based on SIR Model
	Lu, 202111
	China
	Not specified
	[bookmark: OLE_LINK2]SIR Model
 (S: susceptible;
I: infectious; R:recovered)
	Dynamic models
	Number of cases
	
In this study, the sensitivity of the SIR Model to variations in personnel departure rates was enhanced through optimization of the classic SIR Model. Simultaneously, a browser/server architecture-based epidemic surveillance and early warning system were implemented using Java, incorporating features like case information entry, data management, and data visualization. Furthermore, a Hadoop distributed cluster was established to extend the storage capacity of the early warning system, catering to the demands of large-scale data storage and computation for effective early warning.


	
	China meteorological and health department
	Research and implementation of early warning system for infectious disease based on machine learning
	Zhang, 202014
	China
	Pulmonary tuberculosis 
	Early warning system for infectious diseases based on machine learning
	Traditional machine learning models
	Number of cases
	
In the comparison of the Principal Component Analysis+ Gated Recurrent Unit (PCA+GRU) model with other models such as K-Nearest Neighbor (KNN), Long Short Term Memory (LSTM), Convolutional Neural Networks (CNN), Gated Recurrent Unit (GRU), Principal Component Analysis+ Convolutional Neural Networks (PCA+CNN), and others, the findings demonstrate that PCA+GRU exhibits specific advantages in the prediction of infectious diseases, using tuberculosis as an illustrative example.


	
	Houzhi weather network; Zhenqi network; Sichuan provincial Bureau of statistics; Sichuan provincial center for disease control and prevention.
	Research and implement of the tuberculosis infectious disease prediction model based on machine learning
	Wang, 202017
	China
	Pulmonary tuberculosis 
	Tuberculosis infectious disease prediction model based on machine learning
	Traditional machine learning models
	Number of cases
	
This paper employs deep learning technology to investigate the incidence intensity and developmental trends of tuberculosis infectious diseases in cities and counties within Sichuan Province. Simultaneously, in conjunction with pertinent early warning technology, the study predicts future epidemic scales and issues warnings and notifications for abnormal situations.


	
	National dengue control program（NDCP）
	An algorithm applied to national surveillance data for the early detection of major dengue outbreaks in Cambodia
	Ledien, 201922
	Cambodia
	Dengue fever
	Bayes model
	Traditional machine learning models
	[bookmark: OLE_LINK6]Disease symptoms
	
The detection of significant outbreaks during the period 2008–2015 exhibited an overall sensitivity of 73% and specificity of 97%. Across different provinces, the sensitivity and specificity varied from 50% to 100% and 75% to 100%, respectively.


	
	China disease prevention and control information system; Public health emergency reporting management system; Guizhou province outbreak statistics and Guizhou province infectious disease surveillance data analysis and decision-making aid system
	Establishment and application of early warning of infectious disease in Guizhou
	Jiang, 202010
	China
	Not specified
	Deep machine learning
	Deep learning models
	Number of cases
	The timely response rate for early warnings and the efficiency of timely disposal have both witnessed an increase. Simultaneously, the reported instances of outbreaks and public health emergencies have decreased significantly, dropping from 343 to 83. This underscores the substantial improvement in the accuracy and sensitivity of infectious disease surveillance systems through the application of big data analysis and artificial intelligence technology.

	
	COVID-19 data website created and managed by the Tokyo metropolitan infectious disease surveillance centre; Japan and the Italian civil protection department
	Research on early warning and forecasting methods of infectious diseases based on spatiotemporal modeling and deep learning 
	Zhang, 202112
	China
	Hand-foot-and-mouth disease;  COVID-19
	An infectious disease early warning model of Landscape Dynamic Network Marker (L-DNM) based on macroscopic spatial and temporal modeling; ConvLSTM-Attention-Seq2Seq model
	Deep learning models
	[bookmark: OLE_LINK7]Number of cases; Environmental composite index; Google Trends Index on flu topics
	This paper introduces a biology-based dynamic network labeling theory, extending it to macro-scale regional urban networks. It proposes an infectious disease early warning method based on spatiotemporal modeling and dynamic network labeling. In future research, deep learning technology will be incorporated to enhance prediction accuracy in infectious disease time series multi-step prediction models, addressing feature improvement and model enhancement. Lastly, considering the regional spread characteristics of infectious diseases, the paper proposes an infectious disease prediction model based on spatiotemporal feature fusion and model fusion.

	
	China disease prevention and control information system
	Analysis of epidemiological characteristics of tuberculosis and establishment of predictive models in Inner Mongolia from 2010 to 2018
	Xu ,20215
	China
	Pulmonary tuberculosis
	[bookmark: OLE_LINK3]SARIMA model (ARIMA) and SARIMA GRNN model
	Traditional statistical models; Traditional machine learning models
	Number of cases
	
This paper presents an overview and analysis of the prevalence and distribution of tuberculosis in Inner Mongolia Autonomous Region, China. It constructs SARIMA and SARMI-GRNN models using historical data to predict and validate the tuberculosis prevalence trend in the region for 2019, offering insights for the early warning policy for tuberculosis in Inner Mongolia Autonomous Region, China.

	
	National vector-borne disease control program (NVBDCP) system; Indian Meteorological Department (IMD)
	Forecasting dengue hotspots associated with variation in meteorological parameters using regression and time series models
	Patil, 202126
	Thailand
	Dengue fever
	
Random forest regression; Decision trees regression; Support vector regression; Multiple linear regression; Elastic net regression;  Polynomial regression; Auto-regressive;
Moving average; Auto-Regressive Integrated Moving Average (ARIMA);  Seasonal Auto-Regressive Integrated Moving Average (SARIMA); Facebook Prophet Model
	Traditional statistical models; Traditional machine learning models
	Environmental composite index
	Humidity and mean maximum temperature emerge as the primary climatic factors influencing dengue outbreaks, exhibiting strong positive and negative correlations with dengue incidence across all districts of Maharashtra, respectively. Meanwhile, mean minimum temperature and rainfall show moderate positive associations with dengue incidence, and mean wind speed demonstrates a weak negative association.

	
	
The passive monitoring network in Iquitos; A combination of active and passive monitoring systems in SAN Juan; The ministry of health of Singapore; The national bureau of statistics of Peru; The US census bureau and the statistics division of the ministry of trade and industry of Singapore; The national oceanic and atmospheric administration of Singapore and the national environment agency

	Weekly dengue forecasts in Iquitos, Peru; San Juan, Puerto Rico; and Singapore
	Benedum，202019
	Singapore
	Dengue fever
	[bookmark: OLE_LINK4]Logistic regression model; Machine learning model; Autoregressive integrated moving average model
	Traditional statistical models; Traditional machine learning models
	Incidence; Environmental composite index
	
The study utilized machine learning, regression, and time-series models to predict the weekly number of dengue cases and outbreaks in Iquitos, Peru; San Juan, Puerto Rico; and Singapore from 1990 to 2016. Weekly dengue surveillance and weather data were employed for forecasting, and the accuracy of model predictions was evaluated using metrics such as mean absolute error and the Matthew correlation coefficient (MCC) in comparison with actual dengue observations.

	
	National notifiable infectious diseases information system; China meteorological sharing service network system
	Evaluation and forecast of the effect of meteorological factorson bacillary in Northern China
	Wang, 202120
	China
	Bacillary dysentery
	Moving average percentile method; Boosted regression trees model
	Traditional statistical models; Traditional machine learning models
	Number of cases
	
The primary meteorological factor influencing the incidence of bacillary dysentery was mean temperature. Increased risk of bacillary dysentery was associated with high temperature and humidity. Vulnerable areas for the incidence of bacillary dysentery may include regions with high altitude, longitude, a high natural population growth rate, low levels of urbanization, and fewer hospitals. Ideally, accurate predictions of bacillary dysentery based on meteorological factors and historical incidence data would be feasible.

	
	National electronic disease early warning system
	Cholera outbreak in Yemen: Timeliness of reporting and response in the national electronic disease early warning system
	Dureab, 20199
	Yemen
	Cholera
	Not specified
	Not specified
	Number of cases; Suspected Cholera
	
The study utilized machine learning, regression, and time-series models to predict the weekly number of dengue cases and outbreaks in Iquitos, Peru; San Juan, Puerto Rico; and Singapore from 1990 to 2016. Weekly dengue surveillance and weather data were employed for forecasting, and the accuracy of model predictions was evaluated using metrics such as mean absolute error and the Matthew correlation coefficient (MCC) in comparison with actual dengue observations.


	
	Federal ministry of health; Water resources; Irrigation and electric departments
	Malaria’s association with climatic variables and an epidemic early warning system using historical data from Gezira State, Sudan
	Hussien, 201927
	Sudan
	Malaria
	Not specified
	Not specified
	Environmental composite index
	Significant correlations were observed between the incidence of malaria and various meteorological factors, including rainfall, maximum temperature, relative humidity, and Blue Nile water level, as indicated by the Pearson correlation coefficient (p < 0.05). However, the correlation between the number of malaria cases and minimum temperature was found to be non-significant.

	
	China's original early warning system for infectious diseases and a series of public health information systems such as the direct reporting system for infectious diseases established on the basis of the original system
	Design and construction of a symptoms monitoring module for infectious disease surveillance system 
	Chen, 202215
	China
	Not specified
	Not specified
	Not specified
	Disease symptoms
	
This study employed a computer mathematical model for the automatic identification of infectious disease patients, aiding in diagnosis and data collection. However, improvements are needed in intelligent automated judgment. Future efforts should focus on developing smarter, more comprehensive symptom monitoring tools using big data and technologies like 5G. Ongoing exploration is essential, as automatic prediction requires high data volume, quality, and infrastructure, while auxiliary tools mainly optimize office processes, limiting the full benefits of information systems.


	Hospital-Based Early Warning Systems
	Hospital clinical data center; Federal reserve economic database
	Study on the monitoring and early warning mechanism of sudden respiratory infectious disease symptoms based on medical institutions
	Mei, 202230
	China
	Sudden respiratory infectious disease
	Monitoring and early warning mechanism of sudden respiratory infectious disease symptoms
	Traditional statistical models
	Number of cases
	
Using outpatient and emergency patient information from Huashan Hospital affiliated with Fudan University between 2013 and 2019, this study developed a symptom monitoring model and a comprehensive information management platform for sudden respiratory infectious diseases. The platform enables real-time detection, early warning, and visual display of relevant information.


	
	Emergency and outpatient departments in 16 MOH hospitals
	Implementing the Health Early Warning System based on syndromic and event-based surveillance at the 2019 Hajj
	Bieh，202037
	Saudi Arabia
	Infectious and 
non-infectious diseases
	Moving average statistical algorithm
	Traditional statistical models
	Syndromic and public health events
	
The health early warning system leverages symptom surveillance and event-based surveillance data to automatically generate alerts for public health events. These alerts serve to trigger swift epidemiological investigations and facilitate ongoing surveillance of health events.

	
	China meteorological and health department
	Research and implementation of early warning system for infectious disease based on machine learning
	Zhang, 202014
	China
	Pulmonary tuberculosis 
	Early warning system for infectious diseases based on machine learning
	Traditional machine learning models
	Number of cases
	
In the comparison of the Principal Component Analysis+ Gated Recurrent Unit (PCA+GRU) model with other models such as K-Nearest Neighbor (KNN), Long Short Term Memory (LSTM), Convolutional Neural Networks (CNN), Gated Recurrent Unit (GRU), Principal Component Analysis+ Convolutional Neural Networks (PCA+CNN), and others, the findings demonstrate that PCA+GRU exhibits specific advantages in the prediction of infectious diseases, using tuberculosis as an illustrative example.


	
	Data collection system in hospital artificial intelligence infectious disease early warning system
	Design and application of hospital artificial intelligence-based infectious disease early warning system
	Yang, 202028
	China
	Not specified
	[bookmark: OLE_LINK8]Deterministic finite automaton algorithm and support vector machine
	Traditional machine learning models
	Symptom of disease
	
The infectious disease early warning system powered by artificial intelligence can seamlessly gather real-time hospital medical record information. It integrates diverse data types, including patient images, inspection data, and epidemic history, conducting comprehensive data analysis and mining through big data and artificial intelligence technology. This harnesses the professional advantages of hospital information technology, ensuring the security of sensitive data. Additionally, the system enables a unified and centralized presentation of epidemic information through visualization, facilitating a prompt and coordinated response to new infectious diseases.


	
	Hospital information system; Emergency electronic medical record system; Laboratory information system; Radiation information system and inpatient electronic medical record system of five hospitals in Suzhou, China
	Design and implementation of an early warning system for infectious diseases based on multi-trigger perspective
	Ding, 202234
	China
	An infectious disease characterized by feverish respiratory tract and gastroenteritis
	Seedling case early warning; Exponential early warning, threshold early warning; Time-series early warning model and space-time early warning model
	Traditional machine learning models
	Environmental composite index
	
In this study, an early warning system for infectious diseases is developed based on a multi-trigger perspective. The system collects data from medical institutions at all levels and integrates it with epidemiological data, enabling multi-point triggering and intelligent early warning. This enhances the timeliness and accuracy of infectious disease surveillance.

	
	Community clinics doctor system
	Design and implementation of an epidemic monitoring and early warning system for community clinics
	Li, 202235
	China
	Infectious diseases, epidemics, Chronic diseases
	Analytic hierarchy process; Decision tree algorithm; Random forest; Logical regression; Support vector machine; Neural network, etc.
	Traditional machine learning models
	Incidence
	
This study utilized community clinics to monitor endemic diseases and implemented an epidemic disease surveillance and early warning system. The system conducts real-time statistical analysis of the spatial distribution of diseases, dynamically displays data changes, and enhances the capability of infectious disease monitoring and early warning.


	
	Ciudad Juarez; Mexico
	Surveillance system for acute severe infections with epidemic potential 
based on a  deterministic-stochastic model, the StochCum Method
	Castañón-
González，202136
	Mexico
	Acute respiratory infectious diseases
	Deterministic stochastic model
	Traditional machine learning models
	Number of cases
	
In this study, the researchers implemented a surveillance system for acute severe infections with epidemic potential using a deterministic stochastic model (randomization method). The experiment demonstrated that the random sampling method is a practical and effective epidemiological monitoring system within a hospital network.


	
	Medical institution information system
	Infectious disease early warning mechanism based on Alliance blockchain and smart contracts
	Qiu, 202140
	China
	Not specified
	Alliance blockchain architecture model
	Traditional machine learning models
	Hash values of infectious disease data
	
This paper introduces an infectious disease early warning mechanism utilizing an alliance blockchain and smart contracts. In this mechanism, medical institutions serve as nodes on the alliance blockchain. It employs asymmetric encryption technology along with the interplanetary file system to enable secure sharing of infectious disease data while preserving patient privacy. Users with data access rights can retrieve information for automated early warning.


	
	Peking union medical college hospital case system
	Infectious Disease Early Warning Mechanism based on Alliance Blockchain and Smart Contract
	Li, 20211
	China
	Bacterial pneumonia, viral pneumonia
	Feature fusion model of late fusion; ReSNet50 convolutional neural network model, etc.
	Deep learning models
	CT image of viral pneumonia
	
Epidemiological history, symptoms, laboratory test results, chest CT scans, and etiological examinations play crucial roles in diagnosing respiratory virus infections. Implementing an integrated management approach for fever outpatient services and emergencies, along with the establishment of dedicated fever clinics with sufficient space, can enhance the responsiveness to epidemic prevention and control measures. This setup contributes to an improved capacity for managing fever-related outpatient cases during public health emergencies.


	
	Hospital information system
	A Blockchain-based early warning system for infectious diseases: risk measurement combined with complex network
	Yan, 202141
	China
	Emerging infectious diseases
	Infectious disease risk early warning model based on complex network and regional chain
	Deep learning models
	Deep learning models
	
Utilizing hospital data, this paper examines the interplay between cases, medical resources, and pathological features. It introduces an algorithm for measuring infectious disease risk based on complex network modeling and integrates this algorithm to develop a blockchain-based infectious disease risk early warning and data sharing system.


	
	National notifiable infectious diseases information system; China meteorological sharing service network system
	Evaluation and forecast of the effect of meteorological factorson bacillary dysentery in Northern China
	Wang, 202120
	China
	Bacillary dysentery
	[bookmark: OLE_LINK9]Moving average percentile method; Boosted regression trees model
	Traditional statistical models; Traditional machine learning models
	Number of cases
	
The primary meteorological factor influencing the incidence of bacillary dysentery was mean temperature. Increased risk of bacillary dysentery was associated with high temperature and humidity. Vulnerable areas for the incidence of bacillary dysentery may include regions with high altitude, longitude, a high natural population growth rate, low levels of urbanization, and fewer hospitals. Ideally, accurate predictions of bacillary dysentery based on meteorological factors and historical incidence data would be feasible.

	
	Hospital data center, centers for disease control and prevention; National meteorological data department website; Clinical decision support system
	Study on the infectious disease early warning system based on big data in hospital real scene
	Wang, 202233
	China
	Not specified
	[bookmark: OLE_LINK10]Fixed threshold method (Single Case Alert); Mobile average percentage method; Machine learning model
	Traditional statistical models;
Traditional machine learning models
	Abnormal symptoms and suspected cases in case study
	
This study established a mechanism for monitoring symptoms and issuing early warnings for sudden respiratory infections. It transitioned the monitoring system from a passive approach to a comprehensive prevention and control system, incorporating active monitoring and intelligent big data analysis. This enhancement has improved the effectiveness of infectious disease prevention and control.


	
	Intelligent disease prevention and control platform in Shenzhen, China
	Study on the construction of a symptom monitoring module of an infectious disease surveillance system based on a quantitative symptom-disease association model—Taking the COVID-19 as an example
	Chen, 202229
	China
	COVID-19
	Quantitative relationship model of infectious diseases symptom and disease
	Not specified
	Symptom of disease
	In this study, diverse functions for symptom monitoring modules were designed by analyzing the reporting process of actual infectious diseases. Ultimately, the researchers constructed a symptom monitoring module for the infectious disease surveillance system based on the quantitative association model between symptoms and diseases, encompassing the entire infectious disease reporting process.

	
	Changshu smart medical big data platform system
	Design and analysis of infectious disease monitoring and early warning disposal system based on big data technology
	Jiang, 202231
	China
	Fever with respiratory Infectious diseases, Gastroenteritis, Fever with rash, Fever with bleeding, Encephalitis and meningitis, COVID-19, Pulmonary tuberculosis, Influenza
	Not specified
	Not specified
	Medical institution diagnosis and treatment data, infectious disease reporting data; Epidemiological investigation reports; Demographic data; Medical and public health system business personnel information
	
Utilizing a big data disposal system for infectious disease monitoring and early warning enables a closed-loop management approach encompassing monitoring, early detection, prompt reporting, treatment response, and timely quarantine. By integrating large datasets and leveraging new technologies like artificial intelligence, the initiative and timeliness of infectious disease prevention and control can be enhanced. Expanding access to medical service business data will enrich and improve the early warning capabilities, representing a pivotal aspect in the ongoing development of monitoring and early warning systems.

	
	Medical system
	Medical big data helps early warning of infectious diseases
	Chen, 202032
	China
	Not specified
	Not specified
	Not specified
	Not specified
	
Regarding vaccine research and development, medical big data can offer a reference by comprehensively analyzing patients' vital signs, clinical effects, and other medication-related data. During the outbreak stage, medical big data can swiftly collect data and utilize big data technology to screen, process, and analyze information from various sources. This approach is advantageous for summarizing the epidemic's development process during the recovery stage and establishing mechanisms for assessing epidemic losses and providing feedback on epidemic information.


	
	Data source not specified
	A novel framework of collaborative early warning for COVID-19 based on blockchain and smart contracts
	OuYang, 202138
	China
	COVID-19
	Not specified
	Not specified
	Symptoms; Temperature; Travel history; Close contact history, etc.
	
This paper introduces a novel framework for collaborative early warning of COVID-19 using blockchain and smart contracts. The framework accommodates two monitoring modes: medical federation monitoring based on federated learning and social collaborative monitoring based on a learning market approach. It offers advantages such as decentralized decision-making, fairness, auditability, and universality.


	
	A local medical or health institution
	Research and implementation of an epidemic early warning system based on blockchain 
	Zhu, 202239
	China
	Not specified
	The early warning model for virus transmission based on intelligent contract and the efficient consensus algorithm for alliance chain based on services
	Not specified
	The rate of transmission; Death and cure of the virus, etc.
	
This paper implements a blockchain-based epidemic early warning system. It introduces an efficient consensus algorithm for consortium blockchains and a virus propagation early warning model based on smart contracts. These enhancements aim to improve the efficiency of early warning, system stability, and data security.


	
	Data source not specified
	Research on Emergency Management Mechanism of Public Health Emergencies under the Background of "Internet+"
	Li, 202142
	China
	Not specified
	Not specified
	Not specified
	Not specified
	
This article primarily underscores the significance of community involvement in the emergency management of major public health events, exploring the utilization of Internet technology to enhance community emergency management capacity. The paper identifies current practical challenges and proposes the idea of establishing a comprehensive and end-to-end "Internet+" community management approach.


	Early Warning Systems Based on Social Media Platforms
	X (Twitter)
	An intelligent early warning system of analyzing Twitter data using machine learning on COVID-19 surveillance in the US
	Zhang, 202243
	China
	COVID-19
	Twitter-based linear regression model
	Traditional machine learning models
	Incidence
	
This paper introduces an intelligent COVID-19 early warning system utilizing X (Twitter) data. It leverages natural language processing pre-training techniques, employing a Twitter-based linear regression model and an early warning web application. The experimental results indicate the feasibility of using Twitter data for COVID-19 surveillance and prediction in the U.S.


	
	Social media data obtained by Twitter; Daily active cases of COVID-19 reported by the WHO
	Sentiment-based spatiotemporal prediction framework for pandemic outbreaks awareness using nocial networks data classification 
	Gamal, 202244
	Egypt
	COVID-19
	[bookmark: OLE_LINK11]Convolutional Neural Networks (CNN); Multi-Layer Perceptron (MLP); Recurrent Neural Networks (RNN)
	Deep learning models
	[bookmark: OLE_LINK13]Negative sentiment tweets
	
The study introduced an improved framework comprising three inherently interconnected subsystems. The findings demonstrate the framework's notable performance in evaluating temporal associations between public awareness and outbreak status. It has the capability to proactively identify potential hazards linked to the prevalence of infectious diseases.


	
	Chinese center for disease control and prevention; China national health commission and WHO; Baidu search engine
	Identifying the outbreak signal of COVID-19 before the response of the traditional disease monitoring system
	Dai, 202045
	China
	COVID-19
	Not specified
	Not specified
	[bookmark: OLE_LINK12]Abnormal peaks in influenza-like illness and peaks in online searches for key terms
	
In this study, the authors examined and compared the delay times associated with various tools for detecting disease outbreaks, using COVID-19 as a case study. The findings revealed that both unusual spikes in influenza-like illness and increases in online searches for specific keywords can serve as early indicators.

	Early Warning Systems Based on Statistical Bureaus
	Chinese center for disease control and prevention notifiable infectious disease reporting and monitoring system; China meteorological science data sharing service network system
	Impact of meteorological factors on hand foot and mouth disease: effect estimate, attributable risks, inference of time-varying reproduction numbers, forecast and early warning
	Gao, 202118
	China
	Hand-foot-and-mouth disease
	Bonita algorithm; moving percentile method; Random forest (RF) 
	Traditional statistical models
	Number of cases
	
The distribution of HFMD cases exhibited heterogeneity and spatial clustering.Average temperature, relative humidity, and humidity-humidity-index displayed an S-shaped lag relationship with HFMD incidence. Elevated levels of temperature, humidity, and humidity-humidity-index were associated with an increased risk of HFMD.Higher temperatures were linked to increased HFMD transmissibility. The random forest model, incorporating meteorological factors and incidence data, demonstrated robust performance in early warning and forecasting.


	
	Mobile spatial database
	Application of mobile GIS in the prevention and control of infectious disease: taking COVID-19 as an example
	Hu, 202046
	China
	COVID-19
	Mobile GIS model
	Dynamic models
	[bookmark: OLE_LINK15]Spatial distribution of users
	The utilization of Geographic Information Systems (GIS) technology has significantly enhanced the responsiveness of China's health department to sudden infectious diseases.

	
	West Bengal government health services; Alipore observatory of the India meteorological department. Meteorological department-based warning systems
	Modeling and prediction of dengue occurrences in Kolkata, India, based on climate factors
	Bal, S., & Sodoudi, S.202048
	India
	Dengue fever
	[bookmark: OLE_LINK14]High-resolution limited area regional climate models (RCMs) 
	Dynamic models
	[bookmark: OLE_LINK16]Environmental composite index
	
Through the analysis of meteorological factors, a regression model has been developed to predict the incidence of dengue fever. Utilizing climate downscaling experimental data, future predictions for dengue fever infections were made. The findings indicate an anticipated increase in dengue cases, particularly from September to November, in the RCP8.5 scenario surpassing RCP4.5. Notably, during December to February, the warmer conditions in the RCP8.5 scenario are projected to enhance the survival and reproduction of dengue pathogens, resulting in more than a twofold increase in cases compared to the RCP4.5 scenario. These results hold significant implications for the establishment of early warning systems and the development of public health intervention strategies.

	
	Houzhi weather network; Zhenqi network; Sichuan provincial Bureau of statistics; Sichuan provincial center for disease control and prevention.
	Research and implement of the tuberculosis infectious disease prediction model based on machine learning
	Wang, 202017
	China
	Pulmonary tuberculosis
	Tuberculosis infectious disease prediction model based on machine learning
	Traditional machine learning models
	Number of cases
	
This paper employs deep learning technology to investigate the incidence intensity and developmental trends of tuberculosis infectious diseases in cities and counties within Sichuan Province. Simultaneously, in conjunction with pertinent early warning technology, the study predicts future epidemic scales and issues warnings and notifications for abnormal situations.


	
	China health statistics yearbook 2019
	Predicting the trend of infectious diseases using grey self-memory system model: a case study of the incidence of tuberculosis
	Guo, 202147
	China
	Tuberculosis
	Based on the average GM model (grey model); The self-memory prediction technique is introduced to construct the grey self-memory system model
	Traditional machine learning models
	Number of cases
	
In this study, a multi-time point initial field is employed in place of a single-time point initial field, overcoming the sensitivity limitation of the traditional grey prediction model to initial values. Comparative analysis with the mean GM model and other statistical methods demonstrates the significant forecasting advantages of the grey self-memory model. Moreover, its single-step rolling prediction accuracy surpasses that of other forecasting methods.


	
	Results of laboratory studies, data analysis and fieldwork from multiple countries
	SARS-CoV-2: fate in water environments and sewage surveillance as an early warning system
	Panchal, 202149
	Italy
	COVID-19
	Not specified
	Not specified
	Biomarkers (SARS-CoV-2 RNA in water environment and wastewater)
	
Sewage-based epidemiology can uncover trends and reinfections in communities, serving as an early warning system. However, the practice of open defecation reduces the representativeness of existing sewage treatment plants and hampers real-time sewage monitoring.

	[bookmark: OLE_LINK21]Meteorological department-based warning systems
	Chinese center for disease control and prevention notifiable infectious disease reporting and monitoring system; China meteorological science data sharing service network system
	Impact of meteorological factors on hand foot and mouth disease: effect estimate, attributable risks, inference of time-varying reproduction numbers, forecast and early warning
	Gao, 202118
	China
	Hand-foot-and-mouth disease
	Bonita algorithm; moving percentile method; Random forest (RF) 
	Traditional statistical models
	Number of cases
	
The distribution of HFMD cases exhibited heterogeneity and spatial clustering.Average temperature, relative humidity, and humidity-humidity-index displayed an S-shaped lag relationship with HFMD incidence. Elevated levels of temperature, humidity, and humidity-humidity-index were associated with an increased risk of HFMD.Higher temperatures were linked to increased HFMD transmissibility. The random forest model, incorporating meteorological factors and incidence data, demonstrated robust performance in early warning and forecasting.
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Through the analysis of meteorological factors, a regression model has been developed to predict the incidence of dengue fever. Utilizing climate downscaling experimental data, future predictions for dengue fever infections were made. The findings indicate an anticipated increase in dengue cases, particularly from September to November, in the RCP8.5 scenario surpassing RCP4.5. Notably, during December to February, the warmer conditions in the RCP8.5 scenario are projected to enhance the survival and reproduction of dengue pathogens, resulting in more than a twofold increase in cases compared to the RCP4.5 scenario. These results hold significant implications for the establishment of early warning systems and the development of public health intervention strategies.
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In the comparison of the Principal Component Analysis+ Gated Recurrent Unit (PCA+GRU) model with other models such as K-Nearest Neighbor (KNN), Long Short Term Memory (LSTM), Convolutional Neural Networks (CNN), Gated Recurrent Unit (GRU), Principal Component Analysis+ Convolutional Neural Networks (PCA+CNN), and others, the findings demonstrate that PCA+GRU exhibits specific advantages in the prediction of infectious diseases, using tuberculosis as an illustrative example.
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This paper employs deep learning technology to investigate the incidence intensity and developmental trends of tuberculosis infectious diseases in cities and counties within Sichuan Province. Simultaneously, in conjunction with pertinent early warning technology, the study predicts future epidemic scales and issues warnings and notifications for abnormal situations.
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	Humidity and mean maximum temperature emerge as the primary climatic factors influencing dengue outbreaks, exhibiting strong positive and negative correlations with dengue incidence across all districts of Maharashtra, respectively. Meanwhile, mean minimum temperature and rainfall show moderate positive associations with dengue incidence, and mean wind speed demonstrates a weak negative association.
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	The study utilized machine learning, regression, and time-series models to predict the weekly number of dengue cases and outbreaks in Iquitos, Peru; San Juan, Puerto Rico; and Singapore from 1990 to 2016. Weekly dengue surveillance and weather data were employed for forecasting, and the accuracy of model predictions was evaluated using metrics such as mean absolute error and the Matthew correlation coefficient (MCC) in comparison with actual dengue observations.
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The primary meteorological factor influencing the incidence of bacillary dysentery was mean temperature. Increased risk of bacillary dysentery was associated with high temperature and humidity. Vulnerable areas for the incidence of bacillary dysentery may include regions with high altitude, longitude, a high natural population growth rate, low levels of urbanization, and fewer hospitals. Ideally, accurate predictions of bacillary dysentery based on meteorological factors and historical incidence data would be feasible.
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Significant correlations were observed between the incidence of malaria and various meteorological factors, including rainfall, maximum temperature, relative humidity, and Blue Nile water level, as indicated by the Pearson correlation coefficient (p < 0.05). However, the correlation between the number of malaria cases and minimum temperature was found to be non-significant.
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	Wastewater-based epidemiology allows for thorough, real-time monitoring of the onset of new disease outbreaks within communities. This is achieved through the analysis of wastewater, tracking infectious diseases, and identifying the spread of drug resistance in population groups.
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The study presents Wastewater-Based Epidemiology (WBE) as a surveillance approach. It extracts potentially harmful SARS-CoV-2 from contaminated water in wastewater treatment plants to gather epidemiological data, examining the pandemic potential transmission of infectious B.1.1.529.
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	Sewage-based epidemiology can uncover trends and reinfections in communities, serving as an early warning system. However, the practice of open defecation reduces the representativeness of existing sewage treatment plants and hampers real-time sewage monitoring.
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Evaluating trends in community outbreaks through variations in virus detection rates in sewage during an outbreak can be considered. Future advancements in sewage surveillance systems might involve optimizing the use of in-manhole samplers, selecting the most suitable time window for sewage sampling, streamlining sample preprocessing procedures, enhancing sampling and detection capabilities, exploring new methods for variation, and integrating clinical/epidemiological data.
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Wastewater-based epidemiology (WBE) serves as a complementary surveillance technology, delivering swift and dependable population information to alert communities about disease presence and facilitate outbreak monitoring. In the presence of biomarkers, the system reports daily loads in wastewater, including per capita daily loads. In contrast to conventional surveillance systems, WBE offers timely analysis, enabling epidemic management agencies to respond promptly and implement potential intervention measures before infectious diseases propagate and escalate.
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	By adopting a data-driven approach for sample collection, analysis, and interpretation, authorities can leverage wastewater monitoring to adaptively allocate resources, manage epidemics, and evaluate programs.
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This study conducted wastewater experiments that detected positive SARS-CoV-2 RNA, indicating the potential of Wastewater-Based Epidemiology (WBE) as an early warning system to pinpoint hotspots.



